, was isolated from an oil-contaminated site located in Kaohsiung county, Taiwan. Strain CC-AFH3
T grew at 20-40 6C, pH 5.0-10.0 and ,2 % (w/v) NaCl. 16S rRNA gene sequence analysis indicated that strain CC-AFH3 T showed the greatest degree of similarity to Herbaspirillum soli SUEMI10 T (96.5 %), H. aurantiacum SUEMI08 T (96.3 %), H. canariense SUEMI03 T (96.0 %), H. psychrotolerans PB1 T (95.4 %) and members of other Herbaspirillum species (94.1-95.2 %), and lower similarity to members of other genera (,94 %). Phylogenetic analyses also positioned the novel strain in the genus Herbaspirillum as an independent lineage. The major fatty acids in strain CC-AFH3 T were C 10 : 0 3-OH, C 12 : 0 , C 14 : 0 2-OH, C 16 : 0 , iso-C 15 : 0 3-OH, C 17 : 0 cyclo, C 16 : 1 v7c/C 16 : 1 v6c and C 18 : 1 v7c/ C 18 : 1 v6c. The major polar lipids of strain CC-AFH3 T were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol and phosphatidylcholine. The predominant quinone was ubiquinone 8 (Q-8) and the DNA G+C content was 63.4 mol%. On the basis of 16S rRNA gene sequence analysis in combination with physiological and chemotaxonomic data, strain CC-AFH3
T represents a novel species in a new genus, for which we propose the name Noviherbaspirillum malthae gen. nov., sp. nov.; the type strain of Noviherbaspirillum malthae is CC-AFH3 T (5BCRC 80516 T 5JCM 18414 T ). We also propose the reclassification of Herbaspirillum soli, Herbaspirillum aurantiacum, Herbaspirillum canariense and 'Herbaspirillum psychrotolerans' as Noviherbaspirillum soli comb. The genus Herbaspirillum is classified in the family Oxalobacteraceae within the Betaproteobacteria. Herbaspirillum seropedicae, which was isolated from rice, maize and sorghum plants, is the type species (Baldani et al., 1986) . After detailed taxonomic studies, the plant-pathogenic [Pseudomonas] rubrisubalbicans was reclassified to the genus Herbaspirillum as Herbaspirillum rubrisubalbicans (Baldani et al., 1996) . Herbaspirillum species have been detected not only on the root surface, but also as intra-and intercellular colonizers in the root interior (Olivares et al., 1997) and in some other environmental samples. The genus Herbaspirillum is characterized chemotaxonomically by having ubiquinone 8 (Q-8) as the predominant ubiquinone and by DNA G+C contents of 57.9-67 mol% (Baldani et al., 1986 (Baldani et al., , 1996 Kirchhof et al., 2001; Valverde et al., 2003; Ding & Yokota, 2004; Im et al., 2004; Rothballer et al., 2006) . At the time of writing, the genus consists of 14 species with validly published names: H. seropedicae (Baldani et al., 1986) , H. rubrisubalbicans (Baldani et al., 1996) , H. frisingense (Kirchhof et al., 2001) , H. lusitanum (Valverde et al., 2003) , H. chlorophenolicum (Im et al., 2004) , H. autotrophicum (Aragno & Schlegel, 1978; Ding & Yokota, 2004) , H. huttiense (Leifson, 1962; Ding & Yokota, 2004) , H. rhizosphaerae (Jung et al., 2007) , H. aquaticum (Dobritsa et al., 2010) , H. hiltneri (Rothballer et al., 2006) , H. canariense (Carro et al., 2012) , H. aurantiacum (Carro et al., 2012) , H. soli (Carro et al., 2012) and H. psychrotolerans (Bajerski et al., 2013) .
While investigating bacterial diversity in the vicinity of an oil refinery located at Kaohsiung city in Taiwan, oil-contaminated soil samples were placed into M457 mineral basal medium (Meyer et al., 1999) , crude oil was added for enrichment and the samples were incubated at 30 u C under darkness. After 1 week, samples were serially diluted with sterile physiological saline (0.85 % NaCl) and plated on nutrient agar (NA; HiMedia). Strain CC-AFH3
T was isolated and maintained on NA after incubating at 32 u C for 3 days. Straw-coloured, circular, smooth colonies were purified and preserved at 280 u C as glycerol suspensions for further characterization. Subcultivation was done on NA at 30 uC for 1-3 days. In order to verify the evolutionary position of the strain, H. T was kindly provided by Professor Dr Felizitas Bajerski. For direct comparative analysis, strains were grown on R2A (BD Difco) at 30 u C for 2 days, unless specified otherwise.
Cell morphology was studied by transmission electron microscopy (JEOL JEM-1400) and by light microscopy (model A3000; Zeiss). Gram-staining was performed as described by Murray et al. (1994) . Growth was tested by using R2A medium at 20-50 u C (in increments of 5 u C), pH 4-10 (in increments of 1 pH unit) and 1-5 % (w/v) NaCl (in increments of 1 %). Fluorescence was tested after plating on King's B medium after 48 h. Catalase and oxidase activity, motility, oxidation/fermentation, arginine dihydrolase and indole production were determined as described by Smibert & Krieg (1994) . DNase tests were conducted by using DNase test agar (Hi-media). Carbon source utilization patterns were determined by using the Biolog GN2 MicroPlate. Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin and assimilation of 12 substrates were tested with API 20 NE strips (bioMérieux), and the activities of various enzymes were determined by using the API ZYM system (bioMérieux).
Cells of strain CC-AFH3
T were Gram-staining-negative, short rods, 1.0-1.2 mm wide and 1.4-1.6 mm long, with polar flagella (Fig. S1 , available in IJSEM Online), unlike known Herbaspirillum strains, which are curved to spiral or curved rods. Colonies appeared straw-coloured, circular and smooth when grow on NA. Strain CC-AFH3
T was non-fluorescent and was not able to produce acid from various carbohydrates; carbon substrate utilization tests with organic acids as substrates showed few positive results. In R2A broth, strain CC-AFH3
T grew at 20-40 u C, but not at 45 u C, and at pH 5.0-10.0, and tolerated less than 2 % NaCl (w/v T was similar in carbon source utilization (Tween 40, succinic acid monomethyl ester, acetic acid, D-gluconic acid, aketoglutaric acid, bromosuccinic acid, L-alaninamide, Dalanine, L-alanine, L-proline and L-serine), reduction of nitrates to nitrogen and assimilation of D-glucose, Larabinose, D-mannose, D-mannitol, N-acetylglucosamine and adipic acid; these properties differ from the type strain of the type species, H. seropedicae DSM 6445 T (Table 1) .
Bacterial genomic DNA was isolated by using the UltraClean Microbial Genomic DNA isolation kit (MO BIO) following the manufacturer's instructions. The extracted DNA was used as a template to amplify the 16S rRNA gene. The PCR was performed with bacterial universal primers 1F (59-GAGTTTGATCATGGCTCAGA-39) and 9R (59-AAGGAGGTGATCCAACCGCA-39). The 16S rRNA gene sequence of strain CC-AFH3 T was a continuous stretch of 1453 bp. Primers 3F (59-CCTAC-GGGAGGCAGCAG-39), 5F (59-AAACTCAAATGAATTG-ACGGGG-39) and 4R (59-TTACCGCGGCTGCTGGCAC-39) were used in sequencing reactions (Hung et al., 2005) .
Gene sequencing was performed by using the BigDye terminator kit (Heiner et al., 1998) , and the nucleotide sequence of the PCR product was determined by using an automatic DNA sequencer (ABI PRISM 310; Applied Biosystems) (Watts & MacBeath, 2001) . DNA sequences were then assembled using the Fragment Assembly System program from the Wisconsin Package (GCG, 1995) . For identification, the almost-complete 16S rRNA gene sequence (about 1.5 kb) was submitted to the EzBioCloud server (EzTaxon-e database; Kim et al., 2012) and NCBI for BLAST search. Subsequently, closely related 16S rRNA gene sequences were retrieved from EzTaxon-e, the Ribosomal Database Project (Maidak et al., 2001) or GenBank and aligned by using the CLUSTAL_X program (version 1.83) (Thompson et al., 1997) . Phylogenetic analysis was performed with MEGA5 software (Tamura et al., 2011) and the topology of the resultant neighbour-joining, maximumlikelihood and maximum-parsimony trees was evaluated by bootstrap analyses (Felsenstein, 1985) after 1000 replications.
Based on 16S rRNA gene sequences, sequence similarity calculations indicated that strain CC-AFH3
T showed the greatest degree of similarity to H. soli SUEMI10 T (96. , as an independent lineage separated from the genus Herbaspirillum. Phylogenetic trees reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Fitch, 1971 ) methods according to 16S rRNA gene sequences are shown in Figs 1, S2 and S3.
Fatty acid methyl esters were prepared, separated and identified according to the standard protocol (Paisley, 1996) of the Microbial Identification System (MIDI) (Sasser, 1990 ) by using a gas chromatograph (Agilent 7890A) fitted with a flame-ionization detector. Cultures were grown on R2A plates at 30 u C. After 48 h, they were harvested from the plate and subjected to saponification, methylation and extraction (Miller, 1982) . Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0). Polyamines were extracted as described by Scherer & Kneifel (1983) and analysed by one-dimensional TLC and HPLC. Dansyl derivatives were separated by using a Hitachi L-2130 HPLC equipped with a Hitachi L-2200 autosampler, a Hitachi L-2485 fluorescence detector (excitation at 360 nm and emission at 520 nm) and a reversed-phase C18 column (Phenomenex Synergi Fusion-RP80; 25064.60 mm, 4 mm particle size). Polar lipids were extracted and analysed by two-dimensional TLC and isoprenoid quinones were purified by the methods of Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . For analysis of DNA G+C content, a DNA sample was prepared and degraded enzymically into nucleosides as described by Mesbah et al. (1989) . The obtained nucleoside mixture was then separated with an HPLC system. The G+C content of strain CC-AFH3
T was 63.4 mol%. The predominant quinone system was Q-8. The polyamine pattern showed the predominance of putrescine and 2-hydroxyputrescine. A trace amount of an unknown polyamine was also detected (Fig. S4) . The major fatty acids in strain CC-AFH3 T were C 10 : 0 3-OH (8.1 %), C 12 : 0 (3.9 %), C 14 : 0 2-OH (3.3 %), C 16 : 0 (19.9 %), iso-C 15 : 0 3-OH (5.8 %), C 17 : 0 cyclo (5.2 %), C 16 : 1 v7c/C 16 : 1 v6c (27.4 %) and C 18 : 1 v7c/C 18 : 1 v6c (19.8 %), which are generally present in H. soli LMG 26149
T , H. aurantiacum LMG 26150
T , H. canariense LMG 26151 T and H. psychrotolerans DSM 26001
T , but the profile showed major qualitative and quantitative differences from that of H. seropedicae DSM 6445 T (C 10 : 0 3-OH, C 12 : 0 , C 12 : 0 3-OH, C 14 : 0 , iso-C 15 : 0 3-OH, C 17 : 0 cyclo, C 19 : 0 cyclo v8c and C 16 : 1 v7c/C 16 : 1 v6c); these data were also described and supported by Im et al. (2004) and Jung et al. (2007) . The fatty acid profiles of strain CC-AFH3 T and closely related type strains are given in Table 2 . The polar lipid profile of strain CC-AFH3
T was similar to those of the four reference strains, containing diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and phosphatidylcholine (PC) as major lipids; strain CC-AFH3 T lacked the aminophospholipid (APL3) present in H. seropedicae DSM 6445 T (Fig. S5) . Based on the 16S rRNA gene sequence analysis in combination with physiological and chemotaxonomic data, strain CC-AFH3
T represents a novel species of a new genus, for which we propose the name Noviherbaspirillum malthae gen. nov., sp. nov. We also reclassify Herbaspirillum soli, Herbaspirillum aurantiacum, Herbaspirillum canariense and Herbaspirillum psychrotolerans as Noviherbaspirillum soli comb. nov., Noviherbaspirillum aurantiacum comb. nov., Noviherbaspirillum canariense comb. nov. and Noviherbaspirillum psychrotolerans comb. nov., respectively.
Description of Noviherbaspirillum gen. nov.
Noviherbaspirillum (No9vi.her.ba.spi.ril9lum. L. adj. novus new; N.L. neut. n. Herbaspirillum a bacterial genus name; N.L. neut. n. Noviherbaspirillum the new Herbaspirillum).
Cells are Gram-negative rods. Cells are unable to fix atmospheric N 2 under microaerobic conditions. Catalasepositive. The polyamine pattern shows the predominance of putrescine and 2-hydroxyputrescine. The fatty acid profile consists of straight-chain saturated and unsaturated fatty acids, with C 12 : 0 , C 16 : 0 and C 17 : 0 cyclo as the major fatty acids. Major hydroxy fatty acids are C 10 : 0 3-OH, C 14 : 0 2-OH and iso-C 15 : 0 3-OH. The polar lipid profile contains DPG, PE, PG and PC. The predominant quinone is Q-8. The type species is Noviherbaspirillum malthae.
Description of Noviherbaspirillum malthae sp. nov.
Noviherbaspirillum malthae (mal.tha9e. L. fem. n. maltha a kind of thick petroleum; L. gen. n. malthae of petroleum, because the type strain was isolated from an oilcontaminated site).
Displays the following properties in addition to those described for the genus. Cells are 1.0-1.2 mm wide and 1.4-1.6 mm long. Colonies appear straw-coloured, circular and smooth when grown on NA. Oxidase-positive. Grows at 20-40 u C (optimum 30 u C) and pH 5.0-10.0 (optimum pH 6.0) and tolerates less than ,2 % (w/v) NaCl. Can utilize Tween 80, b-hydroxybutyric acid and L-proline as Displays the following properties in addition to those described for the genus. Aerobic, non-spore-forming, slightly curved rods, 1.9 mm long and 1.2 mm in diameter. Oxidase-positive. Grows at 20-37 u C (optimum 28 u C) and pH 5.0-10.0 (optimum pH 6.0-8.0) and tolerates less than ,2 % (w/v) NaCl. Can utilize glycogen, Tweens 40 and 80, D-fructose, a-D-glucose, pyruvic acid methyl ester, succinic acid monomethyl ester, acetic acid, b-hydroxybutyric acid, a-ketoglutaric acid, DL-lactic acid, bromosuccinic acid, Lalaninamide, D-and L-alanine, L-serine, putrescine and 2,3-butanediol as sole carbon sources in the Biolog GN2 system. Nitrate and nitrite are not reduced. In the API 20NE system, cells assimilate potassium gluconate, adipic acid and malic acid. In the API ZYM system, positive reactions for alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase and naphthol-AS-BI-phosphohydrolase.
The type strain is SUEMI10 T (5LMG 26149 T 5CECT 7840 T ), isolated from soil on Tenerife (Canary Islands). The DNA G+C content of the type strain is 63.4±0.2 mol%.
Description of Noviherbaspirillum aurantiacum comb. nov.
Noviherbaspirillum aurantiacum (N.L. neut. adj. aurantiacum orange-coloured).
Basonym: Herbaspirillum aurantiacum Carro et al. 2012. Displays the following properties in addition to those described for the genus. Aerobic, non-spore-forming, slightly curved rods, 1.7-1.9 mm long and 0.8-1.1 mm in diameter. Motile by a polar flagellum. Oxidase-positive. Grows at 20-37 u C (optimum 28 u C) and pH 5.0-10.0 (optimum pH 6.0-8.0) and tolerates less than ,2 % (w/v) NaCl. Can utilize Tween 40, D-fructose, a-D-glucose, pyruvic acid methyl ester, D-gluconic acid and DL-lactic acid as sole carbon sources in the Biolog GN2 system. Nitrate and nitrite are not reduced. In the API 20NE system, cells assimilate potassium gluconate, adipic acid, malic acid and trisodium citrate. In the API ZYM system, positive reactions for alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase and naphthol-AS-BI-phosphohydrolase. Displays the following properties in addition to those described for the genus. Aerobic, non-spore-forming, slightly curved rods, 1.9-1.6 mm long and 1.0-1.3 mm in Displays the following properties in addition to those described for the genus. Cells are facultatively anaerobic, non-spore-forming, motile, curved rods, about 3.5-4.5 mm long and 0.8-1.2 mm wide. Grows at between 25 and 30 u C, but not at 210 or 36 u C. The optimum temperature for growth is 14-20 u C. Grows at pH 4.5-8.0 (optimum pH 6.5-7.0) and tolerates up to 2.5 % NaCl, with slow growth at 2.5 % and optimum growth at 0-0.5 % NaCl. Oxidase-negative. Can utilize D-fructose, a-D-glucose, pyruvic acid methyl ester, succinic acid monomethyl ester, a-hydroxybutyric acid, b-hydroxybutyric acid, c-hydroxybutyric acid, DL-lactic acid, succinic acid, succinamic acid and glycerol as sole carbon sources in the Biolog GN2 system. In the API 20NE system, cells assimilate potassium gluconate and adipic acid. In the API ZYM system, positive reactions for alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase and naphthol-AS-BI-phosphohydrolase.
The type strain is PB1 T (5DSM 26001 T 5LMG 27282 T ), isolated from a soil sample of the Larsemann Hills of east Antarctica. The DNA G+C content of the type strain is 62.5 mol%.
Emended description of Herbaspirillum seropedicae Baldani et al. 1986 Cells are Gram-negative, generally vibrioid, sometimes helical. Cells have one to three polar flagella. The optimum pH range for N 2 -dependent growth is much broader than the optimum pH range for Azospirillum species. Fix atmospheric N 2 under microaerobic conditions and grow well with N 2 as a sole nitrogen source. Oxidase-, catalaseand urease-positive. Starch and gelatin are not hydrolysed. Nitrate is assimilated or dissimilated or both to nitrite under O 2 limitation. No nitrate-dependent anaerobic growth and no visible gas production from nitrate occur in solid or semisolid medium. The predominant quinone is Q-8. In the API 20NE system, cells hydrolysis L-arginine and assimilate potassium D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, potassium gluconate, malic acid, trisodium citrate and phenylacetic acid. In the API ZYM system, positive reactions for alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. The fatty acid profile consists of C 14 : 0 , C 16 : 0 , C 17 : 0 cyclo, C 19 : 0 cyclo v8c, C 12 : 0 3-OH, C 16 : 1 v7c/ C 16 : 1 v6c and C 18 : 1 v7c/C 18 : 1 v6c as the major fatty acids. The polar lipid profile contains aminophospholipids (APL), DPG, PE, PG and PC. The DNA G+C content of the type strain is 66.7±1.7 mol%.
